Objective: To analyze the penetrance and clinical course of isolated nonfunctioning tumors of the pancreas (NFTP) in MEN 1 patients, and to propose a strategy for managing them. Summary Background Data: Pancreaticoduodenal tumors develop in a majority of MEN 1 patients and are a major cause of death. The natural history of NFTP is poorly defined, and no clear-cut guidelines have been widely accepted regarding treatment. Methods: Data on 108 patients with isolated NFTP among 579 MEN 1 patients from the French Endocrine Tumor Study Group (GTE) were analyzed. Survival rates were calculated using the Kaplan-Meier method. Results: The penetrance of NFTP was 34% at age 50, making it the most frequent pancreaticoduodenal tumor in MEN 1 patients. Fortythree patients (40%) underwent surgery, 32 of them curatively. No patient died because of surgery. Average life expectancy for patients with NFTP was shorter than that for MEN 1 patients who did not have pancreaticoduodenal tumors. Thirteen patients died during follow-up, 10 due to NFTP. Tumor size was correlated with the risks of metastasis and death. These risks were low for patients with tumors Յ20 mm. Conclusions: NFTP are currently the most common tumors of the pancreaticoduodenal region in patients with MEN 1. Prevention of tumor spread by surgery should be balanced with potential operative mortality and morbidity. We do not recommend routine surgery for NFTP Յ20 mm.
M ultiple endocrine neoplasia type 1 (MEN 1) is a rare autosomal dominant condition characterized by the development of endocrine parathyroid, pancreaticoduodenal, and pituitary tumors. In addition, MEN 1 patients are also prone to developing adrenal tumors, neuroendocrine tumors (in particular of the thymus or bronchus), dermal lesions, thyroid disease, and meningeal tumors. [1] [2] [3] [4] [5] [6] [7] Pancreaticoduodenal tumors are often multiple, have been shown at autopsy to have developed in up to 80% of patients with MEN 1, and are a major cause of premature death in these patients. 8 -12 Most pancreaticoduodenal tumors are functioning tumors, the most frequent of which are gastrinomas and insulinomas, followed by the rare glucagonomas, VIPomas, GRFomas, and somatostatinomas. Surgical resection is the treatment of choice for functioning tumors of the pancreas, although controversy exists regarding the timing of surgery for gastrinomas. [13] [14] [15] [16] [17] [18] In the absence of hormonal symptoms, nonfunctioning tumors of the pancreas (NFTP) have been recognized as a separate entity whose penetrance in the MEN 1 population is not well known. 19, 20 In addition, because large surgical series of patients presenting with isolated NFTP are lacking and few clinical series have followed patients with NFTP, no clear-cut treatment guidelines have been widely accepted. Some authors have recommended a conservative approach for asymptomatic NFTP less than 1, 2, or 3 cm. [21] [22] [23] [24] Others have recommended early surgical excision of all tumors as soon as they are found on imaging studies, or even earlier, when they are biochemically proven by an increase in human pancreatic polypeptide (hPP). 11, 12, [25] [26] [27] To determine the penetrance and clinical course of isolated NFTP in MEN 1 patients and to propose a strategy for managing these tumors, we analyzed data from a cohort of 579 MEN 1 patients, 108 of whom had isolated NFTP.
patients presenting with at least 2 of the 3 major MEN 1 specific disorders (primary hyperparathyroidism, endocrine pancreaticoduodenal tumor, or pituitary tumor), and in patients presenting with one clinical disorder and positive familial history or a germline mutation on the menin locus, according to international guidelines. 13 Genetic analysis was performed as previously described. 28 Because of the close collaboration between the registry and the 2 French reference genetic laboratories, patient inclusion in the registry has been prospective since 1997 for all patients tested in France. After initial MEN 1 diagnosis, patient follow-up was conducted according to previously published protocols. 24 NFTP were diagnosed when one or more pancreatic solid nodules were evidenced by any imaging studies and after excluding gastrinomas (hypergastrinemia confirmed by increased gastric acid output measurements under basal conditions and increasing under stimulation with secretin), 29, 30 insulinomas (elevated insulin/glucose ratio, confirmed by a fasting test), 30 glucagonomas (glucagon level Ͼ2 times normal values), VIPomas (VIP level Ͼ2 times normal values), or somatostatinomas (somatostatin level Ͼ2 times normal values).
Data for the 108 NFTP patients were retrieved from the registry and additional data were requested from physicians and surgeons in charge of the patients, if necessary. Patients who underwent surgery were separated in 2 groups whether the surgery was curative or palliative (incomplete tumor excision or presence of unresectable metastasis).
Statistical Analysis
Current penetrance of NFTP in the MEN 1 population was estimated using the data on patients diagnosed with MEN 1 since 1997.
Results are presented as mean values ϮSD with range indicated in parentheses unless otherwise stated. Comparisons between groups were made using the 2 test, Fisher exact test, or Student t test. Correlations were calculated using Spearman rank correlation. Penetrance of NFTP in the MEN 1 patients was evaluated using the Kaplan-Meier method. For survival analysis, data are expressed as the time from NFTP diagnosis to end of follow-up (or death) unless otherwise stated. Survival data were analyzed using the Kaplan-Meier method and groups were compared using the Log-Rank test. Patients with more than one tumor of the pancreas, including gastrinoma, were integrated in the gastrinoma group for survival analysis. P values Ͻ0.05 were considered statistically significant. Statistical analyses were performed with SPSS software (SPSS Inc., Chicago, IL).
RESULTS

Penetrance of NFTP in Patients With MEN 1
Among the 579 patients diagnosed with MEN 1 since 1956, 108 (18.7%) were diagnosed with NFTP. In the 134 patients diagnosed with MEN 1 since 1997 (when patient inclusion in the GTE registry became prospective), 68 patients (51%) had no pancreatic tumor, 33 (25%) had NFTP, 18 (13%) had gastrinomas, 11 (8%) had insulinomas, 2 (2%) had gastrinomas and insulinomas, and 1 (1%) had VIPoma.
The penetrance of pancreaticoduodenal tumors in MEN 1 patients at age 20, 50, and 80 years was 9%, 53%, and 84%, respectively. NFTP were the most frequent type of pancreaticoduodenal tumors; occurring in 3%, 34%, and 53% of patients at age 20, 50, and 80 years ( Fig. 1 ).
Patient and Tumor Characteristics
Characteristics of patients with NFTP are summarized in Table 1 . NFTP characteristics are presented in Table 2 . NFTP was diagnosed in 65% of patients by imaging studies, of whom 69% had CT scan, 42% had endoscopic ultrasonography (EUS), 33% had abdominal ultrasonography, 26% had Octreoscan, and 5% had MRI.
NFTP size was significantly correlated with metastasis (Spearman correlation coefficient 0.33, P Ͻ 0.01). One (4%) of 25 patients with tumors Յ1 cm had synchronous metastasis, as did 4 (10%) of 40 patients with tumors 11 to 20 mm, 2 (18%) of 11 patients with tumors 21 to 30 mm, and 9 (43%) of 21 patients with tumors Ͼ30 mm ( Fig. 2 ).
Surgical and Long-term Outcomes
Forty-three patients with NFTP had surgery (40%). The surgical procedures performed are detailed in Table 3 . No patient died following surgery.
Thirteen patients died during follow-up: 10 (9%) due to NFTP and 3 (3%) to other causes. The mean age at death was significantly lower in MEN 1 patients with NFTP than in those without pancreatic tumors (43 Ϯ 13 versus 61 Ϯ 14 years, P Ͻ 0.01). Patients with NFTP had an average life expectancy similar to that of patients with gastrinomas (68.5 years; 95% confidence interval, 64 -72.9 years versus 71.4 years; 95% confidence interval, 68 -74.8 years, P ϭ 0.99) and significantly shorter than that of MEN 1 patients without pancreatic tumors (77.1 years; 95% confidence interval, 74.4 -79.9 years, P Ͻ 0.01) ( Fig. 3 ). Survival time was significantly shorter for patients with bigger tumors (Fig. 4 ), for patients who underwent noncurative surgery ( Fig. 5 ), and for patients with distant metastasis (Table 4 ). Survival time did not differ significantly for patients diagnosed with MEN 1 before 1997 and those diagnosed after 1997 (Table 4 ) or for patients who underwent curative surgery and those who did not undergo surgery ( Fig. 5 ).
Patients who underwent potentially curative operations had significantly larger tumors and longer follow-up times than patients who did not undergo surgery, but tumor progression (22% in the patients who underwent curative resection and 12% in the patients who did not undergo surgery) and death due to NFTP (3.1% and 3%, respectively) were not significantly different between the 2 groups (Table 5 ). Two patients in the curative surgery group underwent reoperation for new NFTP during follow-up.
DISCUSSION
To determine the penetrance and clinical course of isolated NFTP in MEN 1 patients and to propose a strategy for managing these tumors, we analyzed data from a cohort of 579 MEN 1 patients,108 of whom had isolated NFTP. We found that NFTP are the most frequent type of pancreaticoduodenal tumor in MEN 1 patients. The penetrance of NFTP increases with age and reaches 34% by age 50 years, whereas the penetrance of any kind of pancreaticoduodenal tumors is 50% at that age. This is probably the best estimate of the actual penetrance of NFTP in MEN 1 patients because it is the only one that is based on data from a population-based registry. NFTP formerly were undetected because of the lack of symptoms and reliable biologic markers, but they are being diagnosed more frequently as a result of genetic testing and acceptance of national and international recommendations on screening programs. 13, 24 Previous studies have already suggested that NFTP were the most frequent type of pancreatic tumor in MEN 1 patients. 12, 22, 25 Moreover, the numbers presented in this study only account for patients without any functioning tumor. As most, if not all, patients with pancreatic involvement have multiple tumors, 31, 32 the penetrance of NFTP alone or in association with functioning tumors should be considered similar to that of pancreatic involvement overall. The high penetrance of NFTP in MEN 1 patients makes it difficult for clinicians to recommend a major pancreatic For patients with more than one tumor, the size of the largest tumor is given.
FIGURE 2.
Proportions of patients without metastasis, with synchronous metastasis, or with metachronous metastasis according to tumor size. The number of patients in each group is given in each box. 
Diagnosis of NFTP
In this study, only 4% of the NFTP were biochemically diagnosed by hPP hypersecretion, whereas 65% were diag-nosed by imaging studies. CT scanning was the preferred imaging study for the first detection and subsequent follow-up of NFTP in MEN 1 patients. Use of EUS, which has been shown to be more sensitive than CT for detecting small pancreatic lesions and was rapidly adopted after 1992, [33] [34] [35] did not increase with time. Octreoscan, which can demonstrate biochemically proven tumors of the pancreas that are not identified by CT, 36 was always performed together with another radiologic study. CT is widely available, costs less than MRI, and is less inconvenient and less invasive for patients than routine EUS. Our current recommendations for asymptomatic, biochemically negative MEN 1 patients follow the guidelines for diagnosis and therapy for MEN 1 published in 2001, 13 that is, to obtain CT scans of the abdomen every 3 years. EUS should be used to detect biochemically proven lesions that are not shown on CT, for staging (locoregional extension) once a lesion is discovered by CT, and every 5 years thereafter for follow-up. Moreover, we recommend EUS immediately preoperatively because it permits better operative planification by detecting more precisely the number and extent of tumors and providing anatomic detail. 37, 38 Octreoscan should be performed for biochemically proven lesions that are not shown by CT, for staging (distant metastasis) once a lesion is shown on CT, and 
Clinical Course of NFTP
The results of this study show that NFTP are a significant risk factor for death and that this risk is correlated with tumor size. We found that MEN 1 patients with NFTP have a significantly shorter life expectancy than MEN 1 patients without pancreatic tumors and a similar life expectancy to MEN 1 patients with gastrinoma. Moreover, when patients die of NFTP, they do so at younger age than MEN 1 patients who die of other causes. These findings confirm those from previous studies showing that islet cell tumors are a significant risk factor for death in MEN 1 patients. 2, 9, 11 In our study, patients who died of NFTP did so because of metastatic disease, a finding that has been reported by others. 12 The mean age at death for patients who died of NFTP in our study was 43 years, which is similar to the 46 years reported by Doherty et al in MEN 1 patients with pancreaticoduodenal tumors. 10 We also found that tumor size was significantly correlated with the presence of metastasis and that tumor size Ͼ30 mm and the presence of metastasis were associated with a significant reduction in survival time. For patients with tumors 11 to 30 mm, the risk for death is slightly, but not significantly, higher than for patients with tumors Յ10 mm. This correlation between tumor size, distant metastasis, and reduced survival time has been the basis for the current conservative management of small (Յ2 or 3 cm) gastrinomas proposed by several groups. 14, 16, 18, 41, 42 However, a correlation between tumor size and metastasis was not found in another study of islet cell tumors in MEN 1 patients, 43 leading the authors to recommend early surgery. Our study suggests that, similar to gastrinomas, the size of the NFTP can be used as a prognostic factor and, therefore, as a indication for delayed surgery in the case of small tumors.
Our study may underestimate the actual rate of metastasis because only 40% of the patients underwent an operation for NFTP. This means that metastases were found by imaging studies alone in 60% of the cases. CT scanning, the most frequently used imaging study, has been shown to have low sensitivity for detecting small pancreatic tumors and metastasis in MEN 1 patients. 44 The metastasis rate is always higher with pathology reports than with imaging studies, as was shown in a study in which 26% of patients with radiographically demonstrated pancreatic lesions had preoperatively unidentified metastasis at operation. 45 However, in our study, only one (1.5%) metachronous metastasis appeared on subsequent imaging studies in the 66 patients who did not have an operation, and only 2 (3%) of the patients who did not have an operation died of NFTP during follow-up. Both patients had synchronous distant metastasis at the time of NFTP diagnosis. If the true metastasis rate of NFTP in MEN 1 patients is much higher than the one in our study, most of the metastatic tumors have a relative indolent course. Unfortunately, because of the relative short follow-up time for NFTP patients, rate of growth for NFTP could not be predicted, and, consequently, the rate at which tumors progress from one size group to another could not be evaluated.
The rate of tumor progression found in our study (22% with a mean follow-up time of 6 years for patients who had curative surgery and 12% with a follow-up time of 3 years for those who did not) is similar to the 31% reported for pancreaticoduodenal tumors in MEN 1 patients after a median follow-up of 6.3 years by the Ann Arbor group. 27 The much lower rate of reoperation in our patients (6%) than in their study (39% after a median follow-up of 9.9 years) may be due to the shorter follow-up time in our study and to the more aggressive approach used by the Ann Arbor group. MEN 1 patients with residual pancreatic tissue are predisposed to developing new pancreaticoduodenal tumors with time. Once NFTP is diagnosed with CT scan or MRI, an EUS and an Octreoscan should be performed for staging. If these 2 examinations are negative, the patient should be monitored every year for 3 years to detect rapidly growing tumors, and then every other year with CT scan or MRI. Furthermore, they should also undergo an EUS every 5 years. The same follow-up schedule should be used for patients who have surgery for NFTP and those who do not.
Surgical Versus Nonsurgical Treatment of NFTP
With the exception of gastrinomas, the presence of a clinical syndrome caused by a functioning pancreaticoduodenal tumor is an accepted indication for surgery in MEN 1 patients. The risk of malignant spread of a tumor is also an accepted indication for surgery; however, the potential malignancy and the rate at which a tumor grows, spreads to distant sites, and finally leads to death is not clearly defined in patients with NFTP. Because of these uncertainties, the timing of interventions for NFTP in MEN 1 patients is still controversial. Some authors recommend a conservative approach for asymptomatic NFTP less than 1, 2, or 3 cm. [21] [22] [23] [24] This approach is based on 3 principal reasons. First, even though islet cell tumors of the pancreas are a significant risk factor for death in MEN 1 patients, their relative impact in the MEN 1 population is still low. Indeed, in a summary of the 3 series documenting causes of MEN 1 mortality, only 25 deaths (15%) were due to metastatic pancreatic islet cell tumors, whereas 140 (85%) were due to other MEN 1-related or unrelated causes. 9 -11,46 Second, pancreatic surgery is associated with significant mortality and morbidity, as has been shown in several studies. A recent review of mortality rates for 10,530 pancreatic resections performed in the United States between 1994 and 1999 found rates ranging from 3.8% to 17.6%, according to hospital volumes of pancreatic resection. 47 Doherty et al reported a 4.8% mortality rate in their series of MEN 1 patients undergoing pancreatic resection. 22 Moreover, endocrine insufficiency is an important postoperative morbidity of pancreatic resection. 48 This has been shown in a study of 28 healthy donors who underwent hemipancreatectomy for living donor pancreas transplantation, which found that all of them had deterioration in insulin secretion and glucose tolerance one year after hemipancreatectomy, and 7 (25%) had abnormal results on glucosetolerance test according to the criteria of the National Diabetes Data Group. 49 Endocrine insufficiency has also been reported after pancreatic resection in MEN 1 patients; 17 (81%) of the 21 patients who underwent surgery in Ann Arbor and available for follow-up were currently taking antidiabetic medication, including 10 (46%) who were taking insulin. 27 Moreover, pancreatogenic diabetes resulting from pancreatic resection is particularly difficult to treat because of the associated glucagon and hPP deficiency, leading to a significant number of brain damage and deaths due to hypoglycemia. 50 Pancreatic exocrine insufficiency, another possible complication of pancreatectomy, is usually well controlled with pancreatic enzyme supplementation and antiacid medication. 50 The third reason for a conservative approach is that unless a total pancreatectomy is performed, the pancreatic remnant is prone to develop new tumors. The evidence for this tendency comes from surgical and autopsy series showing that preneoplastic changes are present in virtually all the MEN 1 patients and throughout the pancreas. 8, 32 Evidence for this tendency has also been found in the study by the Ann Arbor group of 39 MEN 1 patients with pancreaticoduodenal tumors, in which 15 (39%) required reoperation after a median follow-up time of 9.9 years, and 12 (31%) had biochemical or imaging evidence of recurrence at a median follow-up of 6.3 years. 27 Other authors have recommended aggressive surgical management for NFTP as soon as they are seen on imaging studies or even before, when they are biochemically proven by an hPP increase. 11, 12, 25, 26, 46 This aggressive attitude is based on the fact that up to 39% of deaths related to MEN 1 were due to metastatic pancreatic islet cell tumors, 46 that the deaths due to islet cell tumor occurred at a younger age, 10 and that up to 33% of MEN 1 patients with islet cell tumor of the pancreas had metastasis when primary tumor size was less than 10 mm in greatest diameter. 43 Moreover, Skogseid et al reported that "prophylactic" surgery could have a beneficial effect on the survival of MEN 1 patients with NFTP. 19 The type and extent of surgery for pancreaticoduodenal tumors in MEN 1 patients are also controversial. 15, 18, 19, 51 The aim of surgery is to prevent malignant spread while minimizing the mortality and morbidity associated with pancreatic resection. Enucleation reduces the long-term rate of exocrine and endocrine insufficiency but leaves a big pancreatic remnant prone to developing new tumors. Major pancreatic resection maximizes cancer prevention but increases the risk of long-term morbidity. In our study, the surgical approach was based on tumor size, number, and location, and the proportions of enucleations only versus major pancreatic resections are similar to those found in previous studies. 19, 22, 52 In our opinion, the mortality and morbidity of pancreatic resection outweigh the low risk of metastasis and death in MEN 1 patients with NFTP Ͻ2 cm. Therefore, we recommend a conservative approach for these patients. However, patients with rapidly growing tumors or tumors Ն2 cm should be offered surgical resection. The type of surgery should be aimed at excising every tumor while preserving the spleen and as much pancreatic tissue as possible and will therefore depend on the number, size, and location (head, body or tail, distance to the pancreatic duct and vessels) of the tumors.
Study Limitations
The controversy about the timing and extent of surgery for MEN 1 patients with NFTP is reflected in our study by the wide overlap in tumor size between patients who had curative surgery and those who did not. The most extreme example was that a patient with an 8-mm tumor underwent pancreatic resection, whereas a patient with a 30-mm tumor and no sign of distant metastasis did not. Because of the difference in tumor size and the length of follow-up for patients who underwent curative surgery and those who did not, the 2 groups are probably not comparable. Moreover, patients were not randomly assigned to a conservative or aggressive treatment; the interpretation of surgery as curative or noncurative was done retrospectively, based on intraoperative findings and not on an intent-to-treat basis. This is another limitation to this study that probably overestimates the length of survival in patients who had curative surgery. Nonetheless, because it is based on population-based registry data and because it is the largest reported series of NFTP in MEN 1 patients, we think our study offers important insights regarding the current clinical management of MEN 1 patients with NFTP.
CONCLUSION
This study shows that NFTP are the most frequent type of pancreaticoduodenal tumor in MEN 1 patients. Moreover, NFTP are a significant risk factor for death, and this risk correlates with the size of the tumor. We do not routinely recommend surgery for NFTP Ͻ20 mm 1) because the risk of metastasis and death is low, 2) because doing so would result in many patients undergoing a major surgical procedure to prevent only a few deaths, and 3) because surgery is not really prophylactic for malignant spread unless a total pancreatectomy is to be performed.
